Treatment of Cushing's disease (CD) is one of the most challenging tasks in endocrinology. The first-line treatment, transsphenoidal pituitary surgery, is associated with a high failure rate and a high prevalence of recurrence. Re-operation is associated with an even higher rate of a failure and recurrence. There are three main second-line treatments for CD -pituitary radiation therapy (RT), bilateral adrenalectomy and chronic cortisol-lowering medical treatment. All these treatments have their limitations. While bilateral adrenalectomy provides permanent cure of the hypercortisolism in all patients, the unavoidable chronic adrenal insufficiency and the risk of development of Nelson syndrome are of concern. Chronic cortisol-lowering medical treatment is not efficient in all patients and side effects are often a limiting factor. RT is efficient for approximately two-thirds of all patients with CD. However, the high prevalence of pituitary insufficiency is of concern as well as potential optic nerve damage, development of cerebrovascular disease and secondary brain tumours. Thus, when it comes to decide appropriate treatment for patients with CD, who have either failed to achieve remission with pituitary surgery, or patients with recurrence, the pros and cons of all second-line treatment options must be considered.
Introduction
The first-line treatment of Cushing's disease (CD) is transsphenoidal surgery (1) . Surgery is, however, not always effective. Roughly 50% of the patients achieve immediate remission, and a high rate of recurrence (20-30%) during the first 5 years following the procedure has been reported (2, 3) . Despite a multimodal therapeutic approach in patients who fail to achieve remission with surgery, control of hypercortisolism can be difficult, even at expert centres (4) . In a large multicentre study, including 230 patients, Geer and colleagues recently reported that only half of patients with CD were under biochemical control after a median follow-up of 1.9 years (4). Important to notice is, however, that the study included patients treated at a tertiary referral centres, that is, patient probably often with a more complicated disease. The efficacy rate in general might therefore be higher. patients who have failed transsphenoidal surgery or have recurrent CD (1) . However, they also suggest that patients with CD who have underwent a non-curative surgery, or for whom surgery was not possible, a shared decisionmaking approach should be used since several second-line therapies are available, including repeat transsphenoidal surgery, RT, chronic cortisol-lowering medical treatment and bilateral adrenalectomy.
Pituitary RT is a general term that includes several different radiation techniques. Radiation can be delivered stereotactically or not, on a single occasion or during multiple sessions. During conventional RT (CRT), small radiation doses are given on a number of occasions, typically 2 Gy, five times per week until a cumulative dose of 45-50 Gy has been reached. Recently, several technical improvements have evolved in CRT, such as the intensitymodulated radiotherapy, image-guided radiotherapy and volumetric modulated arc therapy (8) . These techniques allow a more precise dose adjustment, with the aim of sparing the structures surrounding the target lesion.
Stereotactic RT can be given on a single occasion or fractionated on several occasions. During stereotactic radiosurgery (SRS), the whole radiation dose is given on a single occasion, typically 20 Gy, making it more convenient for the patient compared to CRT. The most common SRS methods used today are the gamma Knife and a linear accelerator. SRS should be reserved for smaller lesions, where the dose to the optic chiasm should not exceed 8 Gy, and the distance from the target and the optic chiasm should be at least 3-5 mm (9) . Fractionated stereotactic radiotherapy, that is lower radiation doses given on multiple sessions with stereotaxy, can be used for larger lesions. Indeed, higher number of sessions decreases the toxicity for adjacent structures. Cyberknife uses a low number of sessions for fractionation. Finally, proton beam radiation can also be used with the theoretical benefit of the lack of diffusion of the radiation, and thus a decreased risk of side effects.
In this paper we discuss the pros and cons concerning RT in patients with CD.
Pro
Radiation techniques have a good rate of antisecretory efficacy, and they can cure the patient Data on antisecretory efficacy of radiation techniques are mainly based on CRT studies, that is studies reported for more than 10 years ago. These series have the main advantage of their very long-term follow-up for the assessment of outcome. With this technique, high efficacy (cure rate exceeding 80%) was always associated with poor tolerance (more than 50% of the patients had pituitary deficits), especially in terms of new onset of pituitary deficits (10) .
CRT is less frequently used, and its updated version, conformal radiotherapy, did not show yet its long-term efficacy for pituitary adenomas in the literature. For instance, Jensen et al. reported the efficacy of intensitymodulated radiotherapy in two patients with CD (11). Further long-term studies are thus needed to precisely determine the benefits of the modern modalities of radiotherapy.
However, other modern techniques have shown to be effective in CD. For instance, we and others have reported a long-term antisecretory efficacy of SRS in 35-83% cases over the last 15 years (12) . The largest series reporting the efficacy of gamma Knife radiosurgery in CD was recently published (13) . A total of 278 patients were followed for a mean period of 5.6 years: control of hypercortisolism was 80% at 10 years, while recurrences were observed in 18% cases after a mean duration of 38 months. This latter result is of importance, as recurrence was initially considered unlikely in patients treated with CRT. In a recent meta-analysis, Abu Dabrh et al. reported a 32% rate of recurrence in patients treated by radiosurgery (14) . Interestingly, Mehta et al. also reported that the mean time to reach the maximal antisecretory efficacy was 14.5 months, which means that medical treatments aimed at controlling hypercortisolism while waiting for the effect of RT, would only be given for a rather short period of time (13) . This is of importance, as it is generally thought that control of hypersecretion can only be observed after a very prolonged period of time (as was evidenced with CRT). Of note, Sheehan et al. recently showed that the remission appeared earlier in CD than in acromegaly (15) .
Whether treatment with somatostatin analogues reduces the efficacy of SRS with gamma Knife in patients with pituitary adenoma has been raised regularly for several years and remains a matter of debate. It was indeed suggested that somatostatin analogues compromise the efficacy of the gamma Knife by decreasing cell proliferation in pituitary adenomas. This is, however, still controversial. Roughly half of the studies that have addressed this topic have considered somatostatin analogues at the time of radiosurgery to be a negative predictive factor for remission, while the other half have not shown any difference between treated and untreated patients (16) . Even though a firm scientific support is lacking, in patients with CD receiving treatment with pasireotide, we suggest withdrawal for at least 3 months before gamma Knife treatment is initiated. A potential negative effect of treatment with ketoconazole at the time of gamma Knife on efficacy has also been reported (12) . Only 3 of 15 patients receiving ketoconazole achieved remission compared to 12 of 25 patients without. A direct effect of ketoconazole on the pituitary has been suggested (17) . Although this central effect seems speculative, we also suggest that ketoconazole should be stopped 2-4 weeks before RT.
Results of antisecretory efficacy were comparable in a small series of patients treated by Cyberknife (18) . All these studies were dealing with a majority of patients treated with a visible remnant after surgery (88% of the patients by Mehta et al., for instance) (13) . This is however not always the case in CD, especially in patients with post-surgical remission, and presenting with delayed recurrence. Shepard et al. recently reported an international experience of gamma Knife in patients without an obvious remnant: they delivered whole-sellar SRS in 68 patients with CD (19) . The 5-year actuarial remission rate was 75.9%, and the recurrence rate was 14%. Results were thus comparable with those obtained in patients treated for a visible remnant (19) .
As a summary, literature data confirm the good antisecretory efficacy of modern radiation techniques. Roughly 60% of the patients will be cured on a long-term basis, while 15-20% will recur after an initial period of remission. In comparison with other treatments, RT can thus be considered an effective antisecretory option, allowing definite cure in a high number of patients.
Of note, the majority of the patients reported in these studies were treated with CRT or SRS after failed transsphenoidal surgery. Only few data are available in the literature on the use of radiosurgery as a first-line treatment for CD. In the study by Castinetti et al., 27 patients, including six with CD, were treated with gamma Knife as a first-line treatment. The main indication was visible pituitary adenoma localised in, or invading, the cavernous sinus, that is patients for whom surgery would not been curative. Rate of remission was 50% after a follow-up for a minimum of 5 years (20). Mehta et al. reported that 23 of 327 patients (8%) followed for CD were treated by gamma Knife as a first-line treatment and that 15 of these experienced durable control of hypercortisolism (13) . The specific reasons for gamma Knife as a first-line treatment was not mentioned. Some of these patients may however also be included in the follow-up study from the same group where six patients, apparently without a visible adenoma on MRI, were treated with gamma Knife (19) . Results on efficacy, specific for these patients were, however, not provided. Although the efficacy of RT as a first-or second-line treatment seem to be similar, the low number of patients studied so far make it difficult to draw any firm conclusion. However, SRS with gamma Knife seems to be a good treatment option in patients who are not candidates for surgery, especially patients with an adenoma invading the cavernous sinus.
Different modalities of radiation techniques allow for a better targeting of the remnant and spare the surrounding structures
The term 'RT' does not mean anything precise enough. Indeed, as previously mentioned, there are now several modalities of radiation techniques which could be used depending on the characteristics of the tumour. It is something to always keep in mind when trying to determine the benefits of radiation techniques. The majority of the studies with a prolonged follow-up are based on older techniques of the so-called CRT, sometimes used with a guiding imaging procedure based on brain imaging. The accuracy of the newer techniques, combined with the accuracy of current imaging procedures, will undoubtedly lead to a much lower risk of side effects.
For instance, the rate of gamma Knife-induced hypopituitarism varies between 14 and 62% (20) and can be observed 12-96 months after the procedure, requiring a prolonged follow-up. These rates of hypopituitarism are the ones usually reported when treating secreting pituitary adenomas (21) , as evidenced by Lee in acromegaly (22) or in the treatment of non-functioning pituitary adenomas (23, 24) . These rates are also close to the ones reported for fractionated SRS (25) .
In CD, the majority of the patients with failed surgery will either present a small remnant in the cavernous sinus or a lack of a visible remnant. In the latter case, the choice of radiation technique is a matter of debate as it would lead to a totosellar irradiation, and it would be considered that this could lead to a massive rate of hypopituitarism. However, Shepard et al. did not report a significantly higher risk of pituitary deficiencies, compared to targeted radiosurgery, that is new pituitary deficiency occurred in 23% of the patients (19) , a rate that is close to the one observed when the radiosurgery was performed with a visualised target on magnetic resonance imaging.
While CRT has been suggested to be associated with extra-pituitary side effects, with seemingly an increased risk of stroke, cognitive decline and secondary tumours (26, 27, 28, 29, 30) , these risks have never been clearly demonstrated with the most recent techniques. This could be due to a better tolerance profile or to an insufficient follow-up. In a preliminary study based on 14 patients treated by gamma Knife for a pituitary adenoma, Tooze et al. did not shown any cognitive decline after a median follow-up of 26 months (31) .
As a summary, the tolerance profile of the new modalities of radiation techniques seems to be clearly improved compared to the observations in patients treated with CRT. However, the majority of studies based on the most recent techniques are biased by a much shorter follow-up than the one used for CRT. Prolonged follow-up will likely confirm these safety data.
The other treatments aimed at controlling hypersecretion have their own limits
When surgery fails, the modalities of treatment are not consensual. They can either be based on long-term cortisol-lowering medications such as ketoconazole, metyrapone or pasireotide or on bilateral adrenalectomy (not mentioning radiation techniques) (32, 33, 34) . Each approach has its own caveats. For instance, while medical treatment is usually effective in roughly 50% cases (some of these results being only based on retrospective studies), it does not allow for cure of the disease (35) . Recurrence of hypercortisolism is indeed observed shortly after drug withdrawal and the tolerance is not always perfect, with risks of liver enzyme increment, worsening hypokalaemia, hypertension and diabetes. Moreover, defining eucortisolism on treatment is a tough task. While some authors consider that eucortisolism is obtained when 24-h urinary free cortisol is normal, others suggest that the aim of medical treatment is to restore the circadian rhythm. Mild hyper-or hypocortisolism can lead to longterm comorbidities.
Bilateral adrenalectomy has the main advantage of curing the patient from its disease, but it replaces Cushing's syndrome with adrenal insufficiency. Adrenal insufficiency requires lifelong treatment with glucocorticoids and induces an increased morbidity and mortality and reduced quality of life (36) . Risks of Nelson's syndrome, that is the risk of growth of a corticotroph tumour after bilateral adrenalectomy, is estimated to be around 20% (37, 38) .
Pro -Summary
When trying to determine the roles of radiation techniques in the management of CD, one should always keep in mind the limitations of other treatments aimed at controlling hypercortisolism. As the majority of the patients will be in their 40-50s at the time of diagnosis, any treatment not aimed at curing the patient will thus have to be maintained on a very long-term basis, that is for 30-40 years. As we still lack the optimal treatment that makes it sure that eucortisolism is obtained, and maintained, radical curative treatments should always be considered, even though they lead to adrenal insufficiency, another challenging disease to treat. Thus, we consider that radiotherapy still has a major role to play in the management of CD. Even with new drugs, the rationale will always be a balance between curative treatment and long-term medical treatment aimed at 'only' controlling the disease. While new pituitarydirected drugs may become available in the next few years, it is also likely that new techniques, especially in terms of target definition, will develop for radiation techniques, resulting in increased efficacy and improved tolerance. Given the difficulties in treating patients with CD, it is likely that RT and radiosurgery will still have a role to play in the future.
Con

Efficacy
Mortality is increased in patients with CD, especially in patients who are not in remission (39, 40, 41, 42, 43, 44, 45) . The incidence of serious comorbidities such as acute myocardial infarction, venous thromboembolism, stroke and severe infections are also increased (44, 46, 47) . Efficient treatment is therefore of fundamental importance in the management of patients with CD.
Approximately 15% of patients with CD due to a microadenoma, who are treated with transsphenoidal pituitary surgery, do not achieve remission (9) . Furthermore, at least 10% of patients who initially are in remission experience recurrence (9) . The remission rate following a second pituitary surgery for persistent or recurrent disease is even lower (9, 48) . All patients treated with bilateral adrenalectomy achieve immediate remission.
Although CRT offers an good tumour control, obtained in 93-100% of all patients with CD (49, 50, 51, 52, 53), the remission rate varies between 46 and 84% in several large series (49, 50, 51, 52, 53, 54) . In one of these, the median time to remission was 24 months, with a remission rate at 1, 3, 5 and 10 years of 8, 73, 74 and 83%, respectively (50) . Furthermore, a high recurrence rate (25-50%) following CRT has been reported in some studies (51, 54, 55) , but lower in other (49, 50, 53) .
The efficacy of treatment with SRS in patients with CD seems to be comparable to CRT. In studies including more than 30 patients, the remission rate varies between 52 and 70%, and the mean and median time to remission varies between 7 and 22 and 16 and 17 months, respectively (12, 56, 57, 58, 59) . In three studies the disease recurred in 20-24% of patients who initially had achieved remission (56, 58, 59 ), but in none in two other studies (12, 57) . In a recent international multicentre retrospective study, the largest study published to date, on 278 patients with CD who had been treated with a single session SRS (92% following unsuccessful pituitary surgery and 8% as primary treatment), 193 patients (69%) achieved biochemical remission after a median time of 12 months (13). After this initial remission, the disease recurred in 35 patients (18%). Thus, at the last follow-up, 43% of the cohort had an uncontrolled hypercortisolism. In the same cohort, when comparing patients who had received whole-sellar (n = 68) and discreet adenoma targeted SRS (n = 210), no difference was seen in remission rate, time to remission or recurrence rate (19) . SRS using proton beams has recently been studied in 74 patients with CD (60). Complete remission was achieved in 54 and 67%, after 3 and 5 years of follow-up, respectively. The median time to remission was 32 months and only one patient had a recurrence.
Thus, far from all patients with CD achieve remission after RT, and for those who do, this takes a long time and carries a considerable risk of recurrence. Also, pending the effect if RT, patients with CD often need cortisollowering pharmacological treatment for years, that is treatment with its own limitations concerning efficacy and tolerability.
Hypopituitarism
Hypopituitarism is associated with increased morbidity and mortality (61, 62) . The development of pituitary insufficiency is therefore another major concern in patients with CD who are treated with pituitary RT.
In a study on 40 patients who received CRT after unsuccessful pituitary surgery, the prevalence of hypopituitarism increased from 25 to 62%, 5 years following RT, and to 76% after 10 years of follow-up (50) . After a median follow-up time of 9 years, 70% had hypogonadotropic hypogonadism, 65% had central hypothyroidism, 43% had growth hormone deficiency and among patients in biochemical remission, 56% were receiving glucocorticoid replacement. In other studies, often with a shorter follow-up time, the prevalence of hypopituitarism following CRT varies between 23 and 67% (49, 51, 53, 54) .
The prevalence of hypopituitarism following SRS seems to be somewhat lower than after CRT, ranging between 15 and 36% (12, 56, 57, 58, 59 ). In the previously mentioned multicentre study by Mehta et al., with a mean follow-up of 5.6 years, 25% of the cohort developed new hormone deficiencies following SRS; 17% developed central hypothyroidism and 10% developed growth hormone deficiency and 10% hypogonadotropic hypogonadism (13) . Since the prevalence of pituitary hormone deficiencies increases with time, a short follow-up time in several of these studies may be the reason for the assumption that SRS is associated with lower risk of hypopituitarism compared to CRT. Furthermore, information on how pituitary function was evaluated, especially growth hormone and sex hormones, is frequently lacking, making it possible that hypopituitarism is underdiagnosed in many of the studies published to date. Following proton beam RT for patients with functioning pituitary adenoma, including 74 patients with CD, 45 and 62% of the patients had at least one new pituitary deficiency after 3 and 5 years, respectively (60) .
Thus, hypopituitarism is a significant and serious problem following treatment with CRT and SRS. A substantial number of patients develop secondary adrenal insufficiency following RT. Glucocorticoid replacement therapy and/or secondary adrenal insufficiency per se is associated with high BMI, increased waist circumference and adverse lipid profile (63), reduced bone mineral density (64) and impaired quality of life (65, 66) . Last but not least, secondary adrenal insufficiency (45, 67, 68) , as well as untreated gonadotropin-deficiency (67, 69) , are associated with increased mortality. Also, central hypothyroidism (70) and growth hormone deficiency (71) are associated with adverse cardiometabolic profiles. Furthermore, at least half of all patients diagnosed with CD are young adults (72) . Fertility is therefore another important issue for a large number of patients with CD.
Cranial nerves
Optic nerve damage after CRT seems to be low (reviewed in (9) ). In a large study on 217 patients treated with SRS for secretory and non-secretory pituitary adenoma, 9 (4%) developed new or worsening visual dysfunctions, of whom three had permanent deficits (two visual field defects, one ophthalmoplegia) (73) . In a study by Jagannathan et al., 5 of 90 patients (5.5%) with CD developed ophthalmoplegia after SRS, 4 of whom had also a new decrease in visual acuity (58) . In addition, one patient, treated three times with RT, developed visual field defects that progressed to blindness in both eyes. In another large study including 278 patients with CD, new cranial neuropathy, unrelated to tumour progression, was experienced in seven patients (3%); four had visual field defects and four had ophthalmoplegia (one patient had both visual field defects and ophthalmoplegia) (13) . Two additional, fairly large studies (n = 40 and 90) have reported optic nerve damage in 5% of patients with CD treated with SRS (12, 59) .
Although cranial nerve damage can be considered a relatively uncommon complication following RT, especially CRT, it is certainly a serious complication that can have devastating effect on the individual patient.
Effects of radiation on the central nervous system
It has been suggested that patients treated with RT due to pituitary adenoma have an increased risk of developing a second intracranial tumour (27, 28, 74) . In a recent paper by Yamanaka et al., all cases of second intracranial tumour published between 1959 and 2017 were systematically reviewed; 46 gliomas (9, grade II; 14, grade III; and 22, grade IV), 37 meningiomas, 52 sarcomas, one primitive neuroepithelial tumour and one neuroblastoma (75) . The mean time from RT to the diagnosis of a second intracranial tumour was 15 years; 13 years for gliomas and 20 years for meningiomas. In a study from Sweden, 6 out of 298 patients with pituitary adenoma, treated with CRT, developed a second intracranial tumour (four meningiomas and two gliomas), compared to the expected number of 1.2 in the general population (SIR 5.2 (95% CI 1.9-11)) (76) . In a study from the United Kingdom, 5 out of 334 patients treated with pituitary RT were diagnosed with a second brain tumour, resulting in a SIR of 9.4 (95% CI 3.1-22) (77). In the same cohort, followed-up for additional 10 years, 11 patients had developed a second brain tumour (five meningiomas, four high-grade astrocytomas, one meningeal sarcoma and one primitive neuroectodermal tumour) (78) . Thus, the cumulative risk, 20 years after RT, was 2.4%. However, in a large Dutch study, the incidence of second intracranial tumours in 236 patients treated with postoperative RT did not differ from the incidence in 226 patients treated with surgery alone (79) . The median follow-up time in irradiated patients was 14 years. The most comprehensive study published to date included 8917 patients with hypopituitarism of various aetiologies, of whom 3236 had received RT (28) . Forty-four second intracranial tumours were identified, 22 meningiomas and 17 malignant brain tumours. The relative risk for patients who had received RT, compared to non-irradiated patients, was increased, both for meningiomas (4.06 (95% CI, 1.51-10.9)) as well as malignant brain tumours (3.34 (95% CI 1.06-10.6)). Highest risk was seen in patients who had received RT before the age of 30 years and the incidence rate of second intracranial tumour was similar in patients treated with CRT and SRS (28) .
In a study on 331 patients with various types of pituitary adenomas, 64 developed cerebrovascular disease following postoperative RT (relative risk 4.1 (95% CI 3.6-4.7)) (80) . However, since all the patients had also been operated, a causative relationship between cerebrovascular events and RT could not be confirmed. Also, having a pituitary adenoma, per se, is associated with increased risk of cerebrovascular disease (81) . Two large studies on patients with pituitary adenoma have analysed the incidence of cerebrovascular events in patients who had received RT and compared it to the incidence in nonirradiated patients (30, 82) . In a study on 806 patients with non-functioning pituitary adenoma, van Varssevald et al. found an increased incidence of cerebrovascular events in men who had received RT (hazard ratio 3.0 (95% CI 1.3-6.8)), but not in women (82) . Sattler et al. demonstrated a higher incidence of stroke in a cohort of 462 patients compared to the general population, but no difference between patients treated with RT and patients treated with surgery alone (30) . Only five studies have analysed the possible association between SRS and cerebrovascular events (reviewed in (83) ). All are limited by a small number of patients (n = 27-53) and therefore provides unreliable results. Patients with active CS have an increased risk of stroke. In a large study, including 343 patients with CS from Denmark, the risk for stroke, preand peri-operatively, was more than fourfold compared to controls from the background population (47) . Similarly, in large cohort from Sweden (n = 502), mortality due to cerebral infarction in patients with CD was three times higher than in the background population (45) . Thus, the greatly increased risk of cerebrovascular disease in patients with CD should be taken into account before treatment with RT, possibly also associated with increased incidence of cerebrovascular complications, is considered.
The possibility of cognitive deterioration following RT is also of concern. In two studies, executive function was worse following RT in patients with pituitary adenoma compared to non-radiated patients (84, 85) . Impaired verbal memory has also be associated with RT in two studies (85, 86) . On the contrary, there are also studies that have not been able to demonstrate difference in cognitive function between irradiated and non-irradiated patients with pituitary adenoma (31, 87) . However, it is important to acknowledge that the number of patients in these studies is small and the follow-up time is relatively short. For instance, in the most recent study showing no association between RT on cognitive function, only 21 irradiated patients were included, and the mean time from treatment was 4 years (88). To be able to capture cognitive deficits with standardised neuropsychological tests, larger cohorts and longer follow-up time is needed.
Con -Summary
The limited efficacy, as well as a high prevalence of recurrence and hypopituitarism, are the two main reasons to be concerned for patients with CD treated with pituitary RT. A substantial number of patients treated with RT does not achieve remission, and for those who do, this takes a long time. Furthermore, recurrence is common and more than half of all patients treated with RT develop hypopituitarism. Although not common, development of secondary brain tumours, cerebrovascular disease and adverse effects on vision can have a devastating effects on the individual patient.
Conclusions
Treatment of CD is one of the most challenging tasks in endocrinology. The first-line treatment, transsphenoidal pituitary surgery, is associated with a high failure rate and a high prevalence of recurrence. Re-operation is associated with an even higher rate of a failure and recurrence. There are three main second-line treatments for CD -pituitary RT, bilateral adrenalectomy and chronic cortisol-lowering medical treatment. All these treatments have their limitations. While bilateral adrenalectomy provides permanent cure of the hypercortisolism in all patients, the unavoidable chronic adrenal insufficiency and the risk of development of Nelson's syndrome are of concern. Chronic cortisol-lowering medical treatment is not efficient in all patients and side effects are often a limiting factor. RT is efficient for approximately two-thirds of all patients with CD. However, the high prevalence of pituitary insufficiency is of concern, as well as a potential optic nerve damage, development of cerebrovascular disease and secondary brain tumours. Thus, when it comes to decide appropriate treatment for patients with CD who have either failed to achieve remission with pituitary surgery, or patients with recurrence, the pros and cons of all second-line treatment options must be considered.
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